The authors examined the relation between very low birth weight (VLBW: <1,500 g) and possible developmental delay (DELAY) in the absence of frank developmental disability among young children. The prevalence of DELAY in a population-based cohort (Missouri resident births born from December 1989 through March 1991) of singleton VLBW children (n = 367) was compared with the prevalence of DELAY among both moderately low birth weight (MLBW: 1,500-2,499 g; n = 553) and normal birth weight (NBW: >2,500 g; n = 555) singleton control children. DELAY was defined by nine measures of performance on the Denver Developmental Screening Test II at a median adjusted age of 15 months (range: 9-34 months). Subjects were asymptomatic for disabling conditions at developmental follow-up. Apparently well VLBW children were consistently at greater risk for both moderate and severe measures of DELAY and for DELAY across four functional areas than were either the MLBW (adjusted odds ratios: 1.4-2.7) or NBW children (adjusted odds ratios: 2.1-6.3). The greatest prevalence of DELAY tended to be among appropriate-for-gestational age VLBW children who were also the most premature. This study supports developmental follow-up of nondisabled VLBW children because of the significantly elevated risk for DELAY among apparently normal infants. Am J Epidemiol 1997; 146:740-9. birth weight; child development; infant, very low birth weight
than 50 percent of VLBW survivors born in recent years lack frank disabling conditions, such as cerebral palsy, deafness, or blindness (5-10). However, even VLBW children without disabling conditions are at risk of developing a variety of cognitive, motor, and behavioral problems (6, 11, 12) , although many of these problems may not be detected until school age (13) . Before school age, nondisabled VLBW children may manifest impaired development as a failure to achieve developmental milestones at the expected age. For the large proportion of VLBW children who otherwise appear well it may be important for health care providers to be alert to the magnitude of the risk for developmental delay (DELAY) and the need for developmental screening and possible intervention (cf. reference 14) . To the authors' knowledge, however, there have been no population-based estimates of the risk for developmental delay among nondisabled VLBW preschool children relative to their higher birth weight peers, particularly in more recent cohorts of VLBW children that may have benefited from advances in neonatal treatment and technology.
VLBW infants are not a homogeneous group with respect to gestational age and growth status (15, 16) . They include: 1) a small number of premature infants born at less than 23 weeks gestation; 2) a majority (70 percent or more) of infants born between 23 and 30 weeks gestation, most with birth weights appropriatefor-gestational age (AGA); and 3) some infants (25 percent or less) born at more than 30 weeks gestation, 70 percent or more of whom are small-for-gestational age (SGA). In comparison with SGA VLBW infants, the typically more premature AGA VLBW infants are more likely to experience certain adverse perinatal conditions, such as low Apgar scores, intraventricular hemorrhage, and artificial ventilation, and to have poor neurologic outcome, such as cerebral palsy (15, 17) . It remains to be seen whether the risk for DELAY among nondisabled VLBW children would also differ on the basis of gestational age and growth status at birth.
The purpose of this study was to assess the prevalence of DELAY in a recent population-based cohort of young singleton VLBW children and to compare it with the prevalence of DELAY in two groups of singleton control children whose birth weights were higher: moderately low birth weight infants (MLBW: 1,500-2,499 g) and normal birth weight infants (NBW: >2,500 g). Children in all three birth weight groups were apparently well and lacked frank physical limitations or developmental disabilities at the time of developmental follow-up. Information concerning DELAY was based on the children's performance on the Denver Developmental Screening Test II (Denver II), the 1990 revision of the original Denver Developmental Screening Test (18, 19) , which has been widely used in the United States and abroad and can be administered feasibly to large samples. All data were obtained from the National Institute of Child Health and Human Development, Missouri Maternal and Infant Health Survey (MMIHS), a population-based study of the prenatal risk factors and health care needs of VLBW infants.
MATERIALS AND METHODS

Study population
The MMIHS study population has been described in detail (20) . Briefly, it consisted of all births among Missouri residents that occurred during a 16-month period from December 1, 1989 through March 31, 1991. Case infants included all VLBW singleton livebirths in the study population identified either from state birth certificate files or from the delivery room entry logs of five major urban hospitals in Missouri that provide services for inner city residents or for women at high risk during their pregnancies. Hospitalbased identification for the five urban hospitals was designed to improve study response rates among mothers who delivered at these particular facilities by obtaining consent and completing a maternal questionnaire prior to discharge; mothers of infants who were born elsewhere and identified from the birth certificate files completed the questionnaire by mail.
Both MLBW and NBW control infants were drawn from singleton livebirths in the MMIHS study population in approximately a 1:1 case-to-control ratio. Among infants who were not born in one of the five urban hospitals, controls were randomly selected from the birth certificate files on the basis of frequency matching with cases by maternal race (black, nonblack), age (<20 years, 20-24 years, ^25 years), and residence (residence in St. Louis City, St. Louis County, Kansas City, or Jackson County vs. residence elsewhere in Missouri). For the urban hospital sample, once a case infant was identified from delivery room logs, a control was identified by choosing the next infant recorded in the log with the appropriate birth weight and whose mother fit in the same race-age stratum as the case infant's mother.
The sample population for this analysis was derived from all singleton case and control children enrolled in the MMIHS who completed the Denver II [i.e., survivors who, at the time of developmental follow-up, had no frank physical or other limitations, specifically, cerebral palsy or other orthopedic problem (n = 11), chronic health condition (n = 4), nonresponsive (n = 3), homeless (n = 2), Down's syndrome (n = 1), blind {n = 1), unspecified brain injury (n -1), and who were not lost to follow-up as a result of adoption, refusal to participate, or no reply]. All participants were tested between the adjusted age (i.e., chronological age adjusted for prematurity if a child was aged <2 years and was born >2 weeks prematurely) of 9 and 34 months; about 50 percent of the children in each birth weight group had been tested by the adjusted age of 15 months.
The Denver II was administered primarily by local county health department staff in a child's home (preferred) or other location (e.g., the Women, Infants, and Children program office). All staff who administered the test were trained by nurses from the Missouri Department of Health who had undergone a training program established by developers of the Denver II.
Outcome definition
The Denver II is designed to screen children for possible developmental delay by comparing a child's performance on an array of tasks with that of other children of the same adjusted age. Nine outcomes indicating DELAY from the Denver II were used in this analysis. Eight of the outcomes were based on two measures of performance in each of four domains (personal-social, language, fine motor-adaptive skills, and gross motor skills). One of the two domainspecific measures was whether a child failed one or more tasks in each domain for which 75-90 percent of children of the same adjusted age would pass (denoted as receiving one or more caution scores in a given domain); the other measure was whether a child failed one or more tasks in each domain for which at least 90 percent of children of the same adjusted age would pass (denoted as receiving one or more delay scores in a given domain). The ninth outcome, denoted as overall test performance, was based on the total number of caution and/or delay scores received across all domains and was categorized as follows: 1) questionable-received two or more caution scores and/or a maximum of one delay score, 2) abnormal-received two or more delay scores, 3) normal-received a maximum of one caution score, and 4) untestable-refused to perform one or more tasks.
The nine outcomes reflect two basic levels of DELAY: 1) a moderate degree of DELAY that was generally represented by a questionable overall test performance, plus the four domain-specific outcomes for children who received one or more caution scores in a given domain, and 2) a severe degree of DELAY that was represented by an abnormal overall test performance, plus the four domain-specific outcomes for children who received one or more delay scores in a given domain.
Growth status at birth
For this analysis, birth weight and gestational age (assigned by the physician) were obtained from the birth certificate. SGA was defined as birth weight below the 10th percentile of birth weight for gestational age, by sex and race, on the basis of singleton births in Missouri from 1989 through 1994, and AGA was defined as birth weight at or above the 10th percentile.
Covariates
Information on risk factors for DELAY were obtained from the maternal questionnaire and the child's birth certificate. These factors included sex of the child and maternal age, race, residence, education level, and marital and Medicaid status at birth of the child, and smoking and alcohol use. Although maternal race, age, and residence were used as matching variables in selecting control children, it was decided to include these variables as covariates in this analysis, because, in terms of these risk factors, the distribution of the Denver II sample population differed slightly from that of the original set of case and control infants. Smoking and alcohol use were measured by two variables on the basis of self-reporting by the mothers: whether the mother 1) smoked (any amount) during the index pregnancy and/or 2) drank alcoholic beverages (any amount) during the index pregnancy. The prevalence of smoking or alcohol use during pregnancy as reported by mothers in the MMIHS was comparable to the prevalence of antepartal tobacco or alcohol exposure detected by urine cotinine sampling and hospital chart review, respectively, among mothers of low birth weight infants in the Missouri 1993 Perinatal Substance Abuse Study (21) .
Analytic techniques
Odds ratios were used to estimate the relative risk for DELAY when comparing the VLBW children with either the MLBW or NBW children; adjusted odds ratios and their 95 percent confidence intervals were calculated for each outcome variable using unconditional logistic regression to control for multiple confounders. Each multivariable regression model included at least eight risk factors as covariates. Table 1 presents, by birth weight group, sample population sizes achieved at each step in the derivation of the MMIHS Denver II sample. About 75 percent of all potential subjects in each birth weight group were actually enrolled in the MMIHS. During the interval between enrollment and follow-up for the Denver II, many of the VLBW children died (n -250). Among the survivors, about 70 percent of both case and control children completed the Denver II.
RESULTS
Among all potential MMIHS subjects or all enrolled survivors and those who completed the Denver II, differences in the proportion of subjects in each birth weight group at each covariate level were small (0.1-5.5 percent). Children in the Denver II sample population had slightly lower proportions of mothers who were 1) in their teens, 2) had not completed high school, 3) were African American, 4) not married, 5) were receiving Medicaid, 6) lived in rural areas, or 7) smoked during pregnancy. Table 2 presents, by birth weight group, the distribution of risk factors for DELAY among children in the Denver II sample. Among mothers of VLBW infants, a significantly smaller proportion were married when their children were born than were mothers of NBW infants, and a significantly smaller proportion of mothers of VLBW infants were receiving Medicaid at the time of their children's birth than were the mothers of MLBW infants.
For children in the Denver II sample, weight group as well as the number of children who were born either SGA or AGA. Of all VLBW, MLBW, and NBW children, 24 percent, 46 percent, and 7 percent, respectively, had been SGA infants. Because a much larger proportion (99 percent) of VLBW children were born prematurely (i.e., at <37 weeks gestation) than either the proportion (61 percent) of MLBW or the proportion (5 percent) of NBW children, table 3 also shows the growth status of these children, by birth weight group. Of the VLBW, MLBW, and NBW children who were born prematurely, 24 percent, 15 percent, and 0 percent, respectively, were SGA. Table 4 presents the distribution of children classified in each developmental delay outcome category by birth weight group. The proportions of children with each outcome tended to increase with decreasing birth weight such that the proportions of VLBW children with these outcomes (7-18 percent) were typically one and a half to two times greater than the corresponding proportions for the MLBW group (3-12 percent) and two to four times greater than the proportions for the NBW group (2-10 percent). These differences in outcome distribution were significant (p ^ 0.05), except for the differences between the VLBW and MLBW groups in the proportions of children who received 1) one or more delays in the language domain, 2) one or more cautions in the fine motor-adaptive domain, or 3) one or more delays in the fine motor-adaptive domain. In addition, in comparison with MLBW or NBW children, there was a significantly lower proportion of VLBW children with no cautions or delays. Table 5 shows the crude distributions of children by DELAY category for SGA and AGA children. These data were limited to VLBW and MLBW children who were born prematurely. Regardless of growth status at birth, VLBW children who were born prematurely typically had a higher prevalence of each measure of DELAY than did MLBW children who were born prematurely. These birth weight group differences were significant for four of the outcome measures among the AGA children but, possibly because of small sample sizes, the birth weight group differences were significant in only one outcome comparison among the *SGA children. In terms of the overall test performance measure, those children with the least favorable prognosis (i.e., the highest prevalence of DELAY) were VLBW and AGA; these children, on average, were the most premature, although of similar birth weight than their older, growth retarded VLBW SGA peers. Those children with the most favorable developmental prognosis (i.e., the lowest prevalence of DELAY) were MLBW and AGA; these children, on average, were born about 2.5 weeks later in gestation than the VLBW SGA children and had a higher mean birth weight than their older, but growth retarded MLBW SGA peers. Within either the VLBW or MLBW groups, however, the differences in DELAY prevalence between SGA and AGA children across the different outcome measures typically were small. yses on growth status. The odds ratios associated with the comparison of VLBW with NBW children (2.1-6.3; all statistically significant) were consistently larger than the corresponding values from the comparison of VLBW children with MLBW children (1.4-2.7). Notably, the odds ratios associated with measures of a severe degree of DELAY (i.e., abnormal overall test performance or, within each domain, receiving one or more delay scores) were larger than the corresponding measures of a moderate degree of DELAY (i.e., questionable overall test performance or, within each domain, receiving one or more caution scores); the odds ratios associated with the gross motor domain also tended to be larger than corresponding measures in the other three domains.
The adjusted age range at developmental follow-up was broad (9-34 months). Crude odds ratios (small sample sizes did not permit a multivariable analysis) based on a subset of children to whom the Denver II was administered by an adjusted age of 15 months (about 50 percent of the Denver II sample) did not differ appreciably from those based on the children representing the entire adjusted age range of the full Denver II sample.
DISCUSSION
The design of this study permitted a comparison of the prevalence of possible developmental delay among a recent population-based cohort of VLBW children and two groups of children whose birth weights were higher. Approximately 25 percent of the VLBW children had either a questionable or abnormal overall test performance on the Denver H These data clearly showed that, even among apparently well children, there was a consistently higher risk for all measures of DELAY among VLBW infants than either MLBW or NBW infants; the greatest differences (adjusted odds ratio range: 2-6) were observed between the VLBW and NBW children. These differences remained after t VLBW, very low birth weight (<1,500 g); MLBW, moderately low birth weight (1,500-2,499 g); NBW, normal birth weight (>2,500 g).
$ SD, standard deviation; SGA, small-for-gestational age (<10th percentile of birth weight for gestationai age, by sex and race); AGA, appropriate-for-gestational age (£10 percentile of birth weight for gestationai age, by sex and race). t VLBW, very low birth weight (<1,500 g); MLBW, moderately low birth weight (1,500-2,499 g); NBW, normal birth weight (>2,500 g).
§ Testable children (VLBW, n = 365; MLBW, n = 550; NBW, n = 554).
746 Schendel et al. % VLBW, very low birth weight (<1,500 g); MLBW, moderately low birth weight (1,500-2,499 g). § SGA, small-for-gestational age (<10th percentile of birth weight for gestationai age, by sex and race); AGA, appropriate-for-gestational age (210th percentile of birth weight for gestationai age, by sex and race).
H Testable children (VLBW: SGA, n = 83; AGA, n = 265. MLBW: SGA, n = 50; AGA, n = 281).
controlling for the potential confounding effects of sex, selected demographic and socioeconomic characteristics of the mother, and smoking and alcohol use of the mother during pregnancy. After restricting the comparison to VLBW and MLBW children who were born prematurely, it was also found that VLBW children typically had a greater prevalence of DELAY than MLBW children, regardless of growth status at birth. The VLBW AGA children (who actually were the most premature) tended to have the greatest prevalence of DELAY, but differences in DELAY prevalence by outcome between VLBW AGA and SGA children were small.
The Denver II protocol provides a score to reflect overall test performance as well as subscores for performance in each of four functional areas. For each of the comparisons of VLBW children with MLBW or NBW children, the greater risk for DELAY among VLBW children in this sample was apparent in measures of both moderate and severe levels of DELAY, but particularly marked at the severe levels. Furthermore, VLBW children manifested DELAY in all areas of function, with the greatest risk for DELAY associated with the gross motor domain. This is consistent with previous reports of poor motor functioning or "motor clumsiness" in VLBW children without major neurodevelopmental impairment (6, 9, 12) , but may indicate a greater risk for delay in acquiring gross motor skills than fine motor skills among very young, preschool-aged VLBW children.
This analysis drew upon a case-control study of liveborn infants that included an entire 16-month cohort of VLBW infants born in Missouri. Despite the relatively large follow-up sample size, one limitation of the study may be that the Denver II sample may not have been representative of the larger population from which it was drawn. For selection bias to have an impact on the study results, however, the bias would have had to have been related to both birth weight and developmental status (22) . Mothers of VLBW children who suspected or were aware of delayed development in their children may have been particularly motivated to participate in the follow-up study, thereby artificially increasing the prevalence of delay in the VLBW group relative to the other birth weight groups. Because all children to be tested with the Denver II had to appear well and have no known physical limitations, however, it seems unlikely that selection bias with respect to developmental status, alone or in combination with birth weight status, could have been large. Alternatively, bias in the follow-up sample could have occurred with respect to other risk factors for DELAY. However, estimates of the differences in the distribution of risk factors for DELAY between the larger pools of potential subjects or enrolled survivors and the final Denver II sample suggest that the demographic and socioeconomic characteristics of children in the samples were comparable, although children in the Denver II sample tended to be less disadvantaged socioeconomically. The results of this analysis possibly reflect a population that, overall, is at no greater risk and perhaps is at a somewhat lower risk of DELAY than is the larger population from which it was drawn.
There was little apparent confounding by the nine risk factors for DELAY that were included in the multivariable analysis. In part, this was due to the striking homogeneous distribution of risk factors across the birth weight groups. In terms of the effects of smoking and alcohol use, the variables we used distinguished users from nonusers, but could not adjust for the effects of differences in the pattern of use on the risk for DELAY. Finally, because the Denver II sample was quite young as a whole (median adjusted age, 15 months), the influence of socioeconomic factors on development may not have been as strong as has been observed in older preschool-and school-aged children (10, 23) .
Prior to administering the Denver II, the tester must determine the adjusted age of the child, a determination that is based on the child's gestational age. Thus, by virtue of being aware of a child's prematurity, a tester is not completely unaware of the child's birth weight status. This knowledge could bias a tester's judgment of the child's performance. It is possible that the MMIHS testers (local county health department staff trained by nurses from the Missouri Department of Health) could have had a negative bias toward the performance of children born prematurely, thereby artificially increasing the prevalence of delay in the VLBW group relative to the other birth weight groups. On the other hand, the fact that all children, including those born prematurely, were presumably well and without any overt physical impairment could have had the opposite effect.
In results of a study by Glascoe et al. (24) to assess the accuracy of the Denver n, the screening test was criticized for identifying many children with abnormal or questionable test results. These children were not assigned an adverse developmental diagnosis on the basis of their concurrent performance on a battery of more specific developmental tests that were designed to detect such conditions as mental retardation, speech-language impairments, and learning disabilities. In the Glascoe et al. study, Denver II sensitivity was fairly high (83 percent), but specificity (43 percent) and predictive value positive (23 percent) were limited. The authors concluded that, unlike the original Denver Developmental Screening Test (25) , the Denver II identifies most children with developmental problems, including those with subtle developmental difficulties (24) .
The level of accuracy of the Denver II should affect the internal validity of the results for this study only if the sensitivity and specificity levels of the test are different for different birth weight groups. The Denver II is designed to measure the acquisition of skills with age and includes a correction for prematurity. To the extent that the differences in birth weight in this study were linked to differences in gestational age at birth, these differences were accounted for by the correction. Thus, there is no reason to suspect that the relative differences in the performance on the Denver II observed between the birth weight groups are not valid; however, the results may overestimate the absolute prevalence of DELAY for all children that might be obtained by more specific developmental tests.
A more important question is whether the level of DELAY observed here is associated with academic performance or with problems in development among children at later ages. Although the ability to predict school performance by a preschool screening tool may be problematic (26) , poor performance on preschool screening tests has been associated with a significantly increased risk for school-age problems (26, 27) . If the latter is true, then this study would support the perception that developmental surveillance of apparently well VLBW children by their health care providers may be warranted, thereby providing the opportunity for early developmental intervention.
